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By using the amino acid seqnence motif of tumor ne-
erosis factar (TNF), we searched the expressed sequence
tay data bese and identified a novel full-length cDNA
encoding 285 amino acid residues and named it THANE
THANK is a type I transmembrane protein with 15-20%
overall mmino ncid sequenee homeology to TNF, LT-a,
¥asl, and LIGHT, all members of the TNF fumily. The
mRNA for THANKE was expressed at high levels by pe-
ripheral blood lenukocytes, lymph node, spleen, and thy-
mus and at low levels by smoll intestine, pancreas, pla-
centa, and lungs. THANE was also prominently
expressed in hematopoietic cell lines. The recombinant
purified protein expressed in the baculoviras system
had an approximate molecular size 20 kDa with aminoe-
terminal segmence of AVQGP. Treatment of human my-
eloid 1837 cells with purified THANE activated nuclear
transeription factor.® (NF-«B) consisting of p50 and
p65. Activation was time- and dose-dependent, begin.
ping with aslittle as a 1 pa amount of the cytokines and
a8 early as 15 min. Under the same conditions, THBANE
also activated e-jun NH terminal kinase (JNK) in U827
cells. THANE also strongly suppressed the growth of
tumor cell lines mnd nctivated caspase-3, Although
THANE had off the activities and potency of TNF, it did
not bind to the TNF receptors. Thus our resulis indicate
that THANE is a novel cytoldine that belongs to the TNF
family acd activates apoptosis, N¥-xB, and JNE through
a distinet receptor.

In 1984, we reported the isolation of two homologous cyto-
lines that can iohibit the growth specifieally of tumor celis
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{1~7) 2nd named tham TNF-a' and TNF-B (also salled lympho-
toxin). Sinee then over 15 members of this family have been
identified, incleding Fasl, CD27L, CD30L, CD40L, OX40L,
4-1BEL, LT.8, TWEAK, TRATL, RANKI/TRANCE, LIGHT,
VEGI, and APRIL {8-16). Al the smino acid sequence level,
varipus members of the TNF family are 20-25% homologous to
ench ather. Most members of this family play an important role
in gepe activation, proliferatien, differentiation, and apeptosis.
fhese ligands interact with the corresponding receptor, also
members of the TNF receptor family, and activate the trao-
stription factors NF-xB and AP-1 (9, 17), & siress-activaied
pratein kinase {c-jun NH,-terminal protein kinase, JNK), and &
cascade of caspases.

By searching an expressed sequence tag (EST) data base
using the emine acid sequence motif of TNF, we identified a
noval member of the TNF family, named THANE, for INF
homologue that activates apoptosis, NF-x8, apd JNE. We
found that this cytoldne was primarily expressed by hemato-
poietic celis. The recombinsnt THANK activated NF«3B, e-jun
NH,-terminal kinase, caspase-3, and displayed entiprolifera-
Hive efects in UP37 cells through binding sites distinct from
those for TNF.

MATERIALS AND METHODS

Identification, Cloning, Expression, and Purification of THANK—
Ising high throughput eutomated DNA sequence analysis of randomly
selected human cDNA clones, o dete base coptaining more then 2
mitlion ESTs obtained from aver 750 different cDNA libraries has been
generated by Human Genome Sciences, Inc. A specific homology aad
motif search using the known aminoe neid seguence meotif of TNF {amily
members egainst this data base reveeled seversl ESTs having homol-
ogy to members of the INF fomily. Ozme full-length ¢DNA cime
(HNEDU15} encoding an intact NF-terminal signn] peptide was iso-
iated from o human nentrophil library and selected for further inves-
tigation. The complata cDNA sequence of both stronds of this done was
deterxeined, nnd its homology to TNF was confirmed. This geae product
wes named THANK. THANK is a 285-amine scid-long type H trans-
membrone protein. The transmessbrane domain was found to be lo-
cated between amine acid residoes 47 through 77 (Fig. 14),

The ¢DNA encoding the ectraceilular domain of THANE (aminoe
acids ‘T5-285) was omplified employing the polymernse chain reaction
technigue using the following primers: 5 BomBl, GCGGGATCCCAG-
CCTCCOGOCAGAGE and 3 Xbal, GCGTCTAGATCACAGCACTTTC-
AATGC. The nmplified fragment was purified, digested with BamHI
snd Xbo! 1, and cloned into » baculovirus expression vecter pA2-GP,
derived from pVL94. The cloning, expression, and confirmation of
the jdentity of the cloned produtt were performed using standard
techniques (k8).

Recombisant THANE waos purified from the dlaxified culture super-
notant ef 92-h postinfecied S5 cells. The protein was stepwise urified
by cation snd anion exchange chromatography. The purified THANK
was unalyzed for purity by 12% SDS-PAGE ond by Western biot
analysis.

Nowthern Blot Anglysis—~Two mulliple human tissue Northern hiots
contnining 2 sg of polylA)” RNA per iane of various tissues {CLON-
TECH) were probed with #P-labeled THANK cDNA. RNA from o se-
fected panel of buman cell lives were probed following the sume
technique,

Production of THANE Antibodics—Antibodies against THANK were
raised by injecting 8.2 g of purified recombinent antigen in Freund's
complete ndfuvant (Difeo) subtutaneously into a rabbit, Afier 3 weeks,

1 s ahbreviations used sre: TNF, tumor necrosis faztor, NF-xB,
nuelesr tremseription foctor-«B; EMSA, elactrophoretic mobility shift
pssay; AP-1, activator protein 1; JNE, NH-terminal c-Jun kinase;
PARE, poly(ADP.ribusel palymernse; EST, expressed szquence Lag
PAGE, polyncrylnmide gel elsctrophoresis,
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Identification of a New Cytokine THANK

the injection wes Tepentad, and the rablit was bied every 3rd week. The
specificity of the antiserum wos tested by enzyme-linked immunoser-
best amey and Western blot

Receptor Binding Assay—TNF receptar binding asssy was performed
following & modified procedure deseribed previausly from our laboratary
{19), Briefiy, 0,5 % 10° celiwweR (riplicate well) in 100 gl of binding
medinm {REMI 1640 containing 10% fetal bovine senym) were ineu-
bated with ®Ilabeled TNF (2.5 ¥ 10° cpmiwell, specific activity 40
mCi/mg) either alone (total binding} or in the presence of 20 nx unla-
beled TNF (nonspecific binding) or 150 nx unlabeled THANK in an ica
bath for § b. Thereafter, cells were washed three times with ice-cold
phosphate-buffered saiive containing 0.1% bovine serum slbumin to
rempve unbound ZFETNF. The celis were dried at BD *C, and the
colibound radioactivity was determined in & y counter (Cobra-Auto
Gomma, Packnrd Instrument Ca)

Electrophoretic Mobility Shift Asscy (EMEAL-NF-xB activation was
analyzed by EMSA as described previously (20, 21). In brief, 6-ug
nuclesr extracts prepaved from THANK.trented cells were incubated
with ®P-and-labeled 45-mer double-suanded NF-xB aliponucieetide for
15 min at 37 *C and the DNA-protein complex resolved in 7.5% native
polyacrylamide gel. The specificity of binding was examingd by compe-
#ition with unisbeled 100-fold exeess dliponucleotide. The specificty of
binding was niso determined by supershift of the DNA-protein complex
using specific and irrelevant antibodies. The samples of supershift
experiments were resolved on 5.5% native gels, The radiopetive bands
From dried gels were visualized and quantitated by PhosphorImager
(Motecular Dyaamics, Sunnyvale, CA) using ImageQuant software.

Western Blot of THANE—Purified THANE sample was resolved on
12% SDS-PAGE, elecirotransierred ton nitroceliulage membrane, and
probed with palyclonal antibadies {1:6060) raized in rabbits. The blot
was then trented with horseradish peraxidaseconjugated secondary
antibodies and finally detected by chemitumineseence (ECL, Asmersham
Pharmasiz Bictech).

e-Jun Kinase Assay—The t-Jun kinese assay was performed by a
moditied method es described carlier (22). Briefly, ¥00-ng cytoplasmic
exteacts were trented with anti-JNK1 antibedies, precipitated the im-
mune cemplexes with protein A/G-Sepharose beods (Pieree), and as-
sayed for the enzymatie aclivity by using glutathione S-transferese-dun
{pmino neids 1-79) &5 substrate (2 pg) in the pressnce of 30 pCi of
[F*PJATP. The kinase renczion was carried out by incubating the nbove
mixture ot 30 °C in kinnse assay huffer for 15 min. The veaction was
stopped by adding SDS sample buffer, foliowed by boiling, Finally,
protein was resclved en B 9% acrylemide gel under reduced conditicns,
The radioactive bands of the dried gel were visualized and quantitated
by Phosphorlmager os mentioned previously. To determine the tetal
ameunt of JNKJ protein, 30 pg of the rylopinsinie extracts were icaded
on 9% nerylamide gels. After electrophoresis, the protein was trans-
ferre to nitroeellulose membranes, blocked with 5% non-fat milk pro-
tein, ood probed with rabbit polycisnal antibedies (1:3000) sgninst
JNEL The blots were then reacted with horseredish peroxidnse-conju-
gated secondary entibodies nnd inally detected by chemilumi
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(BCL, Amersham Pharmacia Biotech),

Cyoturicity Assays—The cylotoxic effects of THANK against fumer
cells were mensured by modified tetrazolum soit {3-(4,5-dimethylthia-
7o1-2.y11-2,5-diphenyltetrazolinm bromide) assny described earlier (23}
and by its ability to activate caspase-3 feading fo clenvage of poiy(ADP-
ribuse} palymerase (PARP} (24). For tytotogicity, § X 107 celis in 0.1 ml
were pisted in triplicate in S6-well plates and expased to voriable
eancentrations of pither THANK or TNTF {for comprrison) in 0.1 ml.
After T2-h incubation at 87 °C, eells were exomired for vinhiiity. To
estimale taspese-3 activalion by PARP cleavage, eall extracts (50 paf
gample) were resolved on 7.5% serylamide gels, clectrophoresed, trans.
fereed to nitrocellulose mambranes, blocked with 5% non-fat milk pro-
tein, probed with PARP monoclonal aotibody {1:3000), end detectad by
ECL ay indicoted pbove,

RESULTS AND BISCUSSION

Identification, Sequence, and Purification of THANE—The
predicied amino acid seguence of mature THANK (112-285) is
15, 16, 18, and 19% identical to LIGHT, FasL, TNF, and LT-a,
respeckively (Fig. 14). The cONA for this novel cytokine was
cloned and expressed in » baculovirus expression systers, In
CM ceflulnse cation exchange chromatography, THANK eluted
first with 1 % NaCl (fraction A) and then with 1.5 » NaCl
{fraction B). Fraction B had an approximute molecular mess of
20 kD2 on 12% SOS-PAGE with an amino-terminal sequente

Fic. 1. A, emine acid sequence of THANK and its comparison with
rmnture form of TNF. LT, FasL, end LIGHT. The shaded arpa indicntes
homoalogy with LT, TNF, FasL, and LIGHT. 8, SD5-PAGE analysis of
THANK (fraction B). C, Westers: blot analysis of THANK (fraction B).
D, tissue distribution of THANK wRNA. E, expression of THANK
mtRNA by various ceil lines. PBL, peripheral blood leukncyies.

starting at AVQGP, whereas Fraction A contained an additional
peptide of 3 kDa with an amino-terminal sequence LEIFEPP
{Fig. 1B). An apperently higher molecular size obtained by
SDS.PAGE then that predicted from the number of amine
acids suggested a post-translational modification. The amine
acid sequence of the mature THANK lacked, however, the
potential N-glycosylation site, Pelyclonal antibodies prepared
agninst THANK recognized the cytokine on Western blot
(Fig. 1C).

Tissue and Cell Line Distribution of THANE~Northern blot
apalysis indicated that THANK was expressed in peripheral
blood leukocytes, spleen, thymus, lung, placenta, small infes-
tine, and pantreas; with highest expression in peripheral hiood
Inukocytes (Fig. 1D). Analysis of the call line blot (CLONTECH)
revealed very high expression in HLG0, detectable expression
in K562, A549, and G361, and no detectable transcript in HeLa,
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Fic. 2. A, dose respense of THANE-inguced NF-«B activation. 1837
cells (2 % 10%/mi}were treated with different concentretions of THANK
for 60 min at 37 *C and then essnyed for NF-<B by EMSA. B, Kinetics
of NF-xB nctivation. 837 eells {2 X 10%ml) were treated with 1 on of
THANK for warious lengths of Hme. C, supershift end specificity of
NF-xB. Nutlenr extract of THANK trented cells {lane 4) was ineubated
st roem temperature for 60 min with enti-p50 {lane 8), apti-pts (fane 61,
mixture of anti-p50 and onti-pB5 (lane 7, anti-w-Ral {lane 8), anti-cyclin
D1 (lone 9), preimmune sarum {fane 10), unlabeled NF-kB eligonucleo-
tide (lzne 2} and then nsseyed for NF-xB. Lane 1 shows results for free
probe, and lones 3 and 4 show the THANK-untreated and -treated cells,
respettively. D, effect of anti-THANE polyclanel antibodies on THANK-
induced N¥-eB activation in U837 cells. THANK was preincubated
with anti-THANE antihodies at o dilation of 1:100 or 1:1000 belore cells
were exposed. E, effect af trypsinization and heat denaturation on the
ahility of THANK o activate NF-«B in U937 colls. THANE was treated
with £.25% trypsin at 37 *C for 60 min and then checked fir its ability
{0 activate NF-xB (lane 3}, The eflect of trypsin nlone is shown in lane
4. THANE was biled ot 100 "C for 10 min and used for the activation
of NF-xB (lane 5). Lanes ] and 2 reprasent NF-xB nctivation for un-
sranted and THANE-trentad U937 calls, respectively.

MOLT4, Raji, and SW48D call lines. 7hus ¢ells and tissues of
the immuse system expressed THANK transcripts.

THANK Activotes NF-xB—One of the earliest events in-
duced by most members of the TNF superfamily is NF-«B
activation {25). The results depicied in Fig. 2,4 and B, indicate
that THANE activated NF-«B in n dose- and time-dependent
mazper. Less than 10 py THANK was enough to activate
NF.B in U937 cells, although peak activation was obiained at
1 on. THANK induced optimum NF.B activation within 60
min st 1 nu; end there was no significant increass thereafter
(Fig. 2B}, The gel shift band was specifie, 85 its formation could
be eliminated with excess unlabeled oligonudeotide. It was
supershifted by anti-p50 and anti-peS antibodies only (Fig. 203,
thus indicating thet the nuclear factor was composed of p50
and pB5 subunits. No significant difference was found in the
shility to activate NF-xB betwees the 20- and 23-kD= forms of
THANE, indicating thot residues 112 through 134 are ppticnal
for the bivlogical activity {data net shown).

To oscertain that the observed activatian was due to THANK
and not & coptaminant, the protein was preincubated with
anti-THANK polyclonal antibodies before treatment with the
cells. Fig. 2D shows & lack of NF-<B activation after trestment

Identification of & New Cytokine THANK
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Fo. 3. A, dose response of THANE-indueed JNE nctivation, 11837
calbs {2 X 10%ml) were trested with different concentrations of THANK
for 1k al 37 "C end asanyed for INE activation as described under
“Muterints pod Metheds.” The lower panel shows aqual londing of pro-
tein. B, Kinetics of THANE-induced nctivation of JNK. U937 eells (2 x
105/} were trented with 1 oy THANK for the indicated time perind
and nssayed for JNK activation. The [ower panel shows equal loading of
prolein, GST, glutathione S-transferase.

of THANE with antibodies even at a 1 to 1000 dilution, Anti-
body against THANE by itself had no effect. To further ascer-
tain that NF-»xB activation was due to the proteinsceons nature
of THANE, the protein was either dipested with trypsin or
heat-denatured prior to treatment. Both treatments completely
abolished NF-xB activation in U937 cells, confirming that
THANK was responsible for this activation (Fig. 2E). Although
THANY was g5 potent as TNF with respect to both dose and
time required for NF-xB activation, the overall amplitude of
response was less with THANE. In this respect the activity of
THANK was comparable with LTva {21).

THANK Activates c-Jun NHy-terminal Kingse~The activa-
tion of JNK is another early event that is initiated by different
members of the TNF family (17, 22). THANK activated JNE
activity in s time- and dose-dependent manner (Fig. 3, A and
E). At 10 pn the activity increased by 2.5-fold and at 1 = it
reached 4.4-fold. An additional increase in THANK concentra-
tion slightly decreased activation (Fig. 34). The peak activation
of JNE was observed at 60 min (3.3-fold incrense), which grad-
unlly decreased thereafier {Fig. 3B). These resulis suggest
thet, like TNF, THANK transiently sctivates JNK in U837
colls, The activation of JNK by THANK was not due te an
increase in JNE protein levels, as iemuonoblot analysis dem-
opstrated comparsble JNE1 expression at all dese and time
points (Fig. 3, A and B, lourr ponels).

THANK-induced Cytotoxicity and Caspase-3 Activation—Ac-
tivations of NF.«B and JNK are early cellular responses to
TNF, which are followed by cytotoxic effects to tumor cells. The
effect of different contentrations of THANK on the cytotoxic
effacts agninst tumor cell Hnes was examined and compared
with that of TNF. Results in Fig. 44 show that THANK inhib-
jted the growth of human histioeytic lymphoma 17937 cellsina
dose-dependent manner. Besides U937, THANK also inhibited
the growth of prostate eazcer {PC-3), eolon cancer (HT-28),
cervical carcinoma (HeLa), breast carcinemsa (MCF-T), 2nd em-
bryonic kidney cells (A293) {data not shown). The growth inhi-
hition curve of THANK was superimposable with that of TNF,
indicating comparable potency.

Degradation of PARP by caspase-3 is one of the halimarks of
apoptosis is tumor cells (26). We found that treatment of U837
cells with THANK for 2 h induced partial cleavage of PARF in



Identification of o New Cytohine THANK

™4
- LAHE
-
» ¥
- 1S
3 -
S g
z #] )
2 i 5
3 B
3 e £
: * x
3 H
: 3
& v T ™
a + 1 Hid =

Cpokine tnhh

= - s 3 -

Pic. & A, desedependent eytotoxic effects of THANK egainst 1837
cells. § X 10° colls/well were incubsted in rripliente with various coo-
centrations of THANE or TNF and then examined for celf viability after
72 h. Untreated comtrol is expressed a5 100% B, THANK-indnced
cleavage of PARP in U937 cells. U037 calls (2 10° eells/ml) were
treated with 0.1, 1, and 10 nxs THANE in the presence of cyclohexitmide
(30 pghnd} for 2 bat 37 °C. I order to compare the deavage, TNF was
used as a positive contral O, empetitive inhibition of labeled THF
hinding to 1837 cells by nnlabeled TNF (20 ny} and THARK (150 nM).
1037 eells (0.5 X 10° eallewell) were incubated with 0.25 X 10% cpm of
53 INF in an jee botk for 1 h in the presence or ahsence of the
wrlabeled compegtors. Cell-bound radionctivity was measured in 8 y
counter. Results are expressed as mean = 5.b.

17937 cells, whereas TNF almost completely cleaved PARP
under these conditions (Fig. 4B). This suggests that THANK
can activate caspose-3, altheugh not so strangly as TNF.

THANK Binds to Receptors Distinet from TNF Receptors—
Previously we have shown that TNF and LT, which share
homology with each other to the same extent as THANK, bind
tn the same cell surfzce receptors (4). Since THANK has sig-
nificant aming acid sequence homelogy with TNF, and like
TNF exhibits cytotaxie effects, and activates NF-«B and JNE,
we examined its binding to the TNF receptor. The receptor
binding results (Fig. 4C) show that 20 nx vnlabeled TNF al-
most completely blocked the binding of #28L1nbeled TNF to
1937 cells, whereas 150 o unlabeled THANK did noi compete
for “51-TNF binding sites. These results suggest that THANK
interacts with U937 cells through & receptor distinet from that
for TNF.

in summary, we deseribe here the identificatien of a noval
cytoltine expressed by hematopoietic celis that ean, like TNF
and LT-a, activate NE-xB aod JNK and inhibit the growth of &
wide variety of tumer cells, Althongh the structure of THANK
alse exhibits homology to FasL and LIGHT, the latter have not
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been reported to activate NF-«B, Our preliminary results by
using flow cytometry ipdicate that THANK proteip is ex-
pressed by promyelomonocytic HI-60 cells (deta pot shown).
Berause THANK iz expressed by hematopoietic cells, it ap-
pears to be similar to LT- and dissimilar from other members
of the TNF superfamily, Among all the members of the TNF
superfamily, THANK exhibits cytotoxic effects similar to TNF
and LT, Whether FHANK exhibits immunomodulatory activ-
ities asd in viep sotitumor activities is currently under
investigation. 0
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